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GROUNDWATER VOC SAMPLE PRESERVATION POLICY

.
The attached policy and statement of basis prescribe sample preservation methods for Volatile
Organic Compound (VOC) analysis which will be used in compliance evaluation under Colorado
Hazardous and Solid Waste laws, regulations, and pennits.

Factors that led to development of this policy include: recognition that high concentrations of
dissolved solids in ground~"8ter is a widespread condition in Colorado; the knowledge that dissolved
solids and other groundwater constituents often react \JIith the acid used in san1ple.preservation to
yield inaccurate analytical data; and uncertainty within the regulated community over which method
of sample preservation to use.

The attached policy specifies refrigeration as the approved preservation method for VOC
ground\vater samples. Several facilities in Colorado where these issues were identified earlier have
adopted refrigeration-only preservation techniques for VOC groundwater samples which they have
used for the past few years with great success. The policy specifies an exception for the collection
of aromatic hydrocarbons (Benzene, Toluene, Ethyl Benzene, and Xylenes) which, due to their
chemical characteristics, require collection of separate a~idified samples.

Alternative preservation methods may be approved under this policy, in conjunction with 6 CCR
1007-3, Section 260.12(b), after the outlined steps are taken to demonstrate that the interaction
betWeen the sample preservation method and groundwater chemistry \vi11 yield accurate data.

The policy is accompanied by regulatory and technical rationale in the attached Statement of Basis.
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GROUNDWATER VOC SAi\IPLE PRESER\'ATION POLIC\'

The following Technical Policy regarding the use of appropriate methods of ground\\'ater sampling anc
prese 'ation for Volatile Organic Compound (VOC) analysis. is established to provide necessal)' techniques
to generate scientifically sound data that accurately represents aquifer ground\\'ater quality, This policy \viJJ
be used in the evaluation of facility compliance with Hazardous. and Solid Waste regulations. perT':'.its and
statutes, involving groundwater sampling for VOC analysis. As explained in the attached statement of basis,
the Di\;sion recognizes a substantial benefit from specifying a VCC sample collection and prese:-vation
standard, and as such has outlined the follo~ng policy as the Colorado Approved ~fethod:

I, Groundwater samples shall be collected in bottles which do not contain any preser\'ative. and shall be
irrunediately inverted and placed into a pre-cooled device. and maintained at a temperature of 4 - Celsi!lS, plL:s
or minus 2 - Celsius through icing or refrigeration, Groundwater samples shall be mair.tained inverted. at
a temperature of 4 - Celsius. plus or minus 2 - Celsius, fI"Om the time of collection of individual samples. until

the time ,of analysis, for a maximum of fourteen (14) days. Upon retrie..'al from refrigerated storage, the
laboratory shall document the presence of any gaseous void space, or "air bubbles", and invalida!~ those
samples with void space or "air bubbles".

.
ll. If groundwater samples are being collected to demonstrate aromatic hydrocaroons (Benzene, To1uene,
Ethy1 Benzene, and Xylenes), a separate sample shall be acidified to a pH less than 2 standard units with con
Hydrochloric acid (1+1). The preservation pH shall be ascertained and documented by the laboratory using
SW-846 method 9040 (pH. electrometric). or in the field by narrow range pH paper. Any and aU physic!1
effects such as effervescence, or sample heating shall be documented. Occurrence of any such physicaJ effects
will invalidate the sample (see Part m. below.) Barring occurrence of any such physical effects, the sample
shill be immediately inverted and placed into a pre.cooled device maintained at a temperature of 4 - Celsius,
plus or minus 2 - Celsius, through icing or refrigeration, and shall be maintained inverted, at a temperatures
of 4 - Celsius, plus or minus 2 - Celsius, from the time of collection of individual samples until the time of

analysis, for a maximum offourteen (14) days. Upon retrieval from refrigerated storage, the laboratory shall
document the presence of any gaseous void space, or '.'air bubb!es", and invalidate those samples with void
space or "air bubbles". .

ill. \Vhere the criteria of Part II of this Policy cannot be met because of physical effects, the laboratory may
analyze and report the concentrations of aromatic hydrocarbon VOCs using the unacidified sample.

IV. To maintain consistency and allow comparison of data, following publication of this policy, only the
pr~rvation method as described in this Policy, will be used throughout Colorado for VOC grour.dwater
sample preservation. If an alternative sample preservation method is proposed, the regulation at 6CCR 1007-
3, Part 260.12(b) provides the information required to be submitted and the basis to be used for the
Department review and decision.



Thc rollo\\ing Tccl\nic~1 Policy\Yas rclc~scd for public reviC\\' Septcmbcr 27, 1996 in its dr~rt Conn. Follo\\ing
the defined rcviC\v period, nil comments rcceivcd \ycrc propcrly e\'~lu~lcd ulilizing the profcssional judgeme."1t
and expericnce ofthc Di\ision. Thosc contmcnts b:tscd upon appropri:ltc scicl1tific d.1t.1. :lnd believed to justif>"
:I chMgc in the draft policy, \\'ere incorpai1lcd. As a ~It, tJ1C fin~lized Teclmic:ll Polic:-° differs in some respects
from the origin.11 dr~ft d~1l Follo\\ing is a bricf c.,<pl:ll\.1lion or, and supporting bASis for, e3ch such ch~ge:

I: Section I of the poliC}" provides for m~inten"ncc or collected ground \\~ter s.1mples ~t a tcmper3tUfe of
4 °Celsius, plus or minus 2 ~Cclsius . a ch.1ngc from tJ1C issucd dr~ft ,\'hich c:1l1cd for reCriger~tion I1t temper~tures

oflas than or equal to 4 ~Celsius fron1 time of collection. This modificatiol1 \'uS m:lce in response to comments
received ,,'hich stressed the importance of allo\,ing for ficld vari.1bilit)".

2: Scction I oftl'le policy provides for immcdiOlte invasion oftl\c ground'\.:J.ter sOlmple bottles. and mainten3.ncc
of such invasion from time of col\cction until the timc of Dn~lysis. This modific~tion ,vas necess3ty to address
U\e concern regarding tJ1e possible fom\3tion of 3ir bubbles in thc s~mple bottles. Formation of such oir bubbles
C3n cause W1derest~ of dissolved g:lSeous VoI:atile Organic Compounds, and inversion of the sample bottles
oids in facilitating their detection, In addition, the in,'ersion of ground"':lter somples upon collection is 3
requirement of the audit pro~ debited in the OS\VER L4b Inspection Guidance, b~. the Office of Solid Waste..
and is routinely used b>' State inspectors as an audit inspection tool.

3: !h,c issued drilft includcd discussion of a mcthod for demonstrating thn.t 'an altemiltWe silmplc preservation
teduUque (i.e. acidification) may be acceptable. Such langu.1ge has been e.xcluded from the final T cchnical Policy
IS a result of the Hazardous Waste Conunission adopting 6 CCR 1007.3. §260.12(b} in November of 1996
~iljch provides 11 m~h~nism by,vhich a party may demonstrilte that on altem~tive s:1rnplina method other thlln

re&iJen1tioo is acceptablc at a particulnr site. Part C of the attached Statement of Basis discusses further such
alternate sampling and analytical methodology.

4: Section n of the TectuUc41l Policy outlines the procedure to be fotlowed if JrOwtd\~ter snmplcs are also being
collected to demons,lrate the presence of arom.1tic hydrocarbons (Benzene, Toluene, Ethyl Benzene, and Xylencs
(BTEX». This section was added to the policy in response to comments received \vhich supplied additio~ d3ta
cle3rly evidencing that s.1mple degrad.1tion W.1S more of a concern \\ithout acidification for these particular
compowm. In a<kiition, inclusioo of this procedure for BTEX provides consistency \,ith EPA methodology for
these compoWtds, specwcaUy EPA Methods 602 and 624.



GROlil\"DWATER VOC SA;\IPLE PRESERVATIO-," POLIC"
ST A TEME:\"T OF BASIS

Sampting of groundwater for the purpose of detennining its quality and detecting the presence of hazardous
waste constituents is a cornerstone of the Hazardous Materials and \\'aste :'.fanagem~nt Division ("the
Division") effort to identify releases. develop cleanup strategies. and measure the progress of remediation
efforts. The objective of groundwater sampling is to obtain samples that accurately represent the quality
of the groundwater in the aquifer and to detenT1ine the nature and the extent of contamination. To this end.
the Division reviews and approves data acquisition plans, and conducts field, laborator}', and data
inspections to determine compliance. These inspections are also designed to evaluate the utility. and
appropriateness of data generated. The Division, and regulated facilities, h2.ve the obligation to
systematically evaluate these plans, and to modify them in an effort to continually produce quality data.
Regulated facilities must adhere to approved e.nalyticaJ plans. However. adherence to the plan ",'ith the
knowledge that problems exist. may result in potentially negative conseque:1ces. As such. facilities also
have an obligation to seek to modif)t such analytical plans when it becomes apparent that the plans \\jll not
function as designed. These modifications must be accompanied with appropriate rationale in order to
justify and explain the necessity for such modification. and to the extent possible. lay a foundation for
meeting project objectives. Any modifications to an approved ptan n1ust receive Division approval prior to
implementation. Likewise, the Division carries the ongoing responsibility of conducting follow-up
evaluations, on aU previously approved documents, to ensure they maintain the appropriate level of utility,
and continue to produce data of suitable, scientific quality. Such individual evaluation i$ necessary due to
the vast amount of contaminant, groundwater type, lithology and contaminant combinations possible.

A. REGULA TORY DISCUSSION

A review of the Colorado Hazardous Waste Regulations, 6 CCR 1001-3 and the Federal RCR.'..
Regulations, 40 Cm. for sampling requirements. reveals fourteen specific citations pertaining to
requirements for a particular analytical method, or set of required methods. In general, these instances refer
to specific RCRA methodology ("SW-846") for which there are no equivalent substitutions such as the
Paint Filter Test for determining free liquids in waste, the Toxicity Characteristic Leaching Procedure
("TCLP") required for making hazardous waste determinations, and for compliance with the disposal
standards fur characteristic wastes, metal and cyanide bearing listed wastes. Otherwise, the regulations do
not contain requirements for the use of specific analytical methodology. This absence of requirement is the
basis for the flexibility ess~ntial to both permit writers and corrective action specialists, in \vriting facility
specific pennits and orders. Similarly, the Colorado Regulations Pertaining to Solid Waste Disposal Sites
and Facilities, 6 CCR 1001-2, requires ground\vater analytical methods to be in accordance with Division
guidelines. or EPA approved methodology (Appendix 8(3)8), and advise that SW-846 may not always be
the most suitable for analytical monitoring (Appendices 1&11).

Although the use of standard methodology may be less complicated, there are facilities in Colorado which
operate a variety of analytical methodology, including RCRA, Contr2ct Laboratory Program ("CLP").
Clean Water Act. Safe Drinking Water Act. and ASTM methods. to name 2 few. Adopting one set of
methods to create uniformity fails to recognize the inflllences of contaminant and environmental
combinations. the advantages. and the availability of each indi"idual anal~,ical method. It is the existence
of such situations that compels the generation of this policy to aid the Division in tailoring analytical plans
to meet project specific goals while addressing site specific characteristics.
The Division believes that this policy is consistent .\\1th overall EP A RCR.&\ implementation goals for
Colorado and the nation. In November t 996, the EP A Office of Solid \\'aste, under a mandate from the
executive branch to reinvent government. staled its objective to foster innovati,'e approaches and pertinent
application of SW-846 by defining its position that SW-846 \\'8S a guidance document except where



w ... ~-'WW'" ". .,... "., ~ "'..." ""I~"- -. Measurement System applicable to all programs. and specifying that all prognms must define a performance

based approach to en'w'ironmental measurements. (FR 62. No. 193-. p5209S. Oct 1997)

B. TECHNICAL DISCUSSION

The Di\ision oversees the installation of groundwater monitoring wells either to investigate contaminant
migration, or to demonstrate that contaminants have not entered the ground\vater; unlike drinking water
wells installed for more palatable attributes, these monitoring wells are installed in locations that would be
considered unacceptable for such consumption. such as, down gradient from a land disposal unit. These
ground\vater monitoring wells are installed to depths that intercept strata that do contain, or may contain
water, and, therefore, constitute potential migration pathways. Consequently, these waters may become
influenced by these strata, or solid wastes.

In many areas where monitoring wells are installed. the groundwater does not meet federal water quality
potability guidelines due to a high solids content. Groundwater samples tloken from monitoring wells are
typically grab samples and. as such. the samples often include a solid phase and dissolved solids. These
solids may include carbonate salts; o>ddes and hydro>ddes of alkaline. alkaline eanh or transition metals; and
clays and silicates. all of which can act to neutralize anificial acidity, or act as a buffer to added acidity'.
It has been observed and reported in Colorado, that some of these samples react immediately with an acid
presef\'ative and produce an effervescence. Failure to achieve the desired preservation.pH. of less than 2
standard units, has also been observed and reponed in Colorado. High. concentrations of sulfate are often
found in groundwater samples which, with the presence of Iron or Zinc and with the addition of acid, can
produce a reducing environment. The potential to create a rigorous reducing environment may also cause
reductions of unsaturated halogenated VOCs such as Vinyl Chloride. TCE. and DCE to less toxic
halogenated VOCs which would create artifacts in subsequent risk assessments. It has been reported in
Colorado that certain groundwater produces sulfurous odors when acidified. These reactions are
uncontrollable and. to a cenain extent. unpredictable. This leads to concern about the uncertainties
associated with these physical and chemical properties. and their effect on the scientific validity of the data
generated. To avoid unacceptable losses of those halogenated VOCs (e.g., Vinyl Chloride) which are
dissol\-ed gases in the groundwater sample into a void space. samples must be collected without headspace,
or "air bubbles". Obtaining such samples is difficult, often requiring repeated attempts at filling the sample
vial. Consequently, acid previously added would be lost or diluted. and the samples collected would vary
in pH. Sample heating from interactions with added mineral acid preservative has been observed and
reponed in Colorado. and is a particular concern because of potential losses of dissolved, gaseous VOCs
which are typically the most to>dc and mobile target compounds. These gaseous VOCs are collected from
aquifers which are at an average temperature of 14 degrees Celsius, arid typically cooled to 4 degrees
Celsius until ready to be analyzed. Then the bottles are allowed to warm to room temperature
(appro.-.:imately 23 degrees Celsius) prior to subsampling. or obtaining an aliquot. The propensity of these
gaseous VOCs to move into a void space is at a minimum when the samples are cool. but significantly
higher \\mn the samples are opened for analysis. These complications which calIse variations in sampling
precision. and decrease the scientific quality of the data generated, have been obser\.ed in Colorado and lead
to a concern that volatile concentrations may be underestimated, and are therefore not representati~.e of
ground \\'ater quality. It has also been observed and reponed in Colorado that acidified duplicate sample
pairs have a \vider sampling precision inter\'81 than unpreserved duplicate sample pairs as calculated by the
Relative Percent Differences between the sample duplicate pairs.

'"""

The Di';sion has a further concern about the rigor applied to make analytical methods conform with the
scientific method when acidified samples are measured against blanks, controls. and calibrants which are
not also acidified, and the fact that matrix and surrogate spikes are .introduced into a sample matrix just



where available. This commitment is found in the Colorado Hazardous Waste Re(!ulations. 6 CCR 1007-3,
Section 260.12 which specifies that alternate analytical methodology is allowed.-and provides the process
for implementing such alternative methods. The Division has required. and \vill continue to require,
alternate sampling and analytical methodology in cases where existing methodology does not. or cannot
meet the data quality objectives of a given project. or fails to perform in a given circumstance.

This policy recognizes that the adoption and implementation of a Performance Based Measurement System
can be challenging; in that, the Division has the commitment to consider applicability. safety, availability,
and cost in the selection of sampling and analysis, but also serves a mission to preserve and protect the
environment. Given the desire and commitment to allow the ma.ximum flexibility in the selection of
sampling and analytical methodology, the Di-.ision must look at those areas where rigor and standardization
would be beneficial. Because of this. the Division recognizes substantial benefits from specifying a VOC
sample collection Standard for groundwater sampling. These benefit.s are discussed in the Regulatory and
Technical Discussion sections of this Statement of Basis. .

The Division has therefore formulated the following sampling standard: the collection of groundwater in
sample bottles which do not contain preservative. from monitoring locations installed in and around
permitted, interim status, or corrective action land units, subject to the Solid Waste Regulations, or the
Hazardous Waste Regulations, with 2. specification for refrigeration of a VOC sample immediately upon
collection to a temperature of 4 degrees Celsius +/- 2 degree Celsius. This standard requires preservatio.n
by refrigeration for a maximum of 14 days, at 4 degrees Celsius +/- 2 degree Cel.sius, or until analysis,
whichever comes first, a method that has been proven reliable in obtaining accura~e and precise sampling
results.' .

It has also been observed and reported in Colorado, and elsewhere in the nation. that aromatic hydrocarbons
(Benzene, Toluene, Ethyl Benzene, and Xylenes) can show significant biologicaJ degradation and
subsequent underestimation when samples are not preserved. When aromatic hydrocarbons are
contaminants ofconcem, a separate sample shall be collected, and acidified to a pH of less than 2 standard
units with con Hydrochloric Acid (1 + 1) for analysis of such aromatic hydrocarbons. The preservation pH

shall be ascertained by SW.846 method 9040 (PH. electrometric). or by narrow range pH paper. Any, and
a1l physical effects such as effervescence, or sample heating in a groundwater sample shall be documented
as observed in the field. and shalt cause the sample to be invalidated. The presence of gaseous void space,
or "air bubbles" in any groundwater sample shall also cause the sample to be invalidated.


